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throughout Lake Olney and Lake Cooper following obvious channel features visible in aerial 

photographs taken on July 6, 2012, and December 1, 2013. 

Figure 3 illustrates typical results from application of the anisotropic interpolation and linear 

interpolation techniques to Lake Olney and Lake Cooper. The bathymetry shown in Figure 3C was 

used in computing reservoir capacity and area tables (Appendix A, B, E, F). In Figure 3A, deeper 

channels, depressions, or ridges indicated by surveyed cross sections are not continuously represented 

in areas between survey cross sections. This is an artifact of the TIN generation routine rather than an 

accurate representation of the physical bathymetric surface. Inclusion of interpolation points, 

represented in Figure 3C, in creation of the volumetric TIN model directs Delaunay triangulation to 

better represent the lake bathymetry between survey cross-sections. 

 
Figure 3.     Anisotropic spatial interpolation and linear interpolation of Lake Olney and Lake Cooper sounding 

data - A) bathymetric contours without interpolated points, B) sounding points (black) and 
interpolated points (red), C) bathymetric contours with the interpolated points  
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Area, volume, and contour calculation 

Using ArcInfo software and the volumetric TIN models, volumes and areas were calculated 

for both reservoirs at 0.1 foot intervals, from 1,139.1 to 1,153.4 feet for Lake Olney and from 1,121.9 

to 1,146.3 feet for Lake Cooper. To calculate the areas and capacities above 1153.4 feet for Lake 

Olney and 1,146.3 feet for Lake Cooper, areas were linearly extrapolated and volumes were 

calculated using the formula: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑦1 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑦0 + �
𝐴𝐴𝐴𝐶0 + 𝐴𝐴𝐴𝐶1

2
� × (𝐸𝐸𝐴𝐸𝐶𝐶𝐶𝐸𝐸1 − 𝐸𝐸𝐴𝐸𝐶𝐶𝐶𝐸𝐸0 ) 

 Where: 
  Area0 = area corresponding to Elevation0 
  Area1 = area corresponding to Elevation1 
  Capacity0 = capacity corresponding to Elevation0 
  Capacity1 = capacity corresponding to Elevation1 

The elevation-capacity tables and elevation-area tables, updated for 2014, are presented in 

Appendices A, B, E, and F, respectively. The capacity curves are presented in Appendix C and G, 

and the area curves are presented in Appendix D and H. 

The volumetric TIN models were converted to a raster representation using a cell size of 1 

foot by 1 foot. The raster data was then used to produce elevation relief maps (Figures 4 and 5), 

representing the topography of the reservoir bottoms; depth range maps (Figures 6 and 7), showing 

shaded depth ranges for Lake Olney and Lake Cooper; and contour maps showing 1-foot contours for 

Lake Olney and 2-foot contours for Lake Cooper (Figures 8 and 9).  
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Analysis of sediment data from Lake Olney and Lake Cooper 

Sedimentation in Lake Olney and Lake Cooper was determined by analyzing the acoustic 

signal returns of all three depth sounder frequencies in the DepthPic© software. The 208 kHz signal 

was analyzed to determine the current bathymetric surface of the reservoir, while all three 

frequencies, 208 kHz, 50 kHz, and 24 kHz, were analyzed to determine the reservoir bathymetric 

surface at the time of initial impoundment (i.e. pre-impoundment surface). Sediment core samples 

collected in the reservoirs were used to assist in identifying the location of the pre-impoundment 

surface in the acoustic signals. The difference between the current surface and the pre-impoundment 

surface yields a sediment thickness value at each sounding location.  

The sediment core samples were analyzed at TWDB headquarters in Austin.  Each sample 

was plunged from the core tube and analyzed to identify the location of the pre-impoundment 

surface. During plunging, compression of the cores can occur, therefore, the total length of the 

sediment core is determined prior to plunging. The pre-impoundment surface is identified within the 

sediment core sample by one or more of the following methods: (1) a visual examination of the 

sediment core for terrestrial materials, such as leaf litter, tree bark, twigs, intact roots, etc., 

concentrations of which tend to occur on or just below the pre-impoundment surface; (2) changes in 

texture from well sorted, relatively fine-grained sediment to poorly sorted mixtures of coarse and 

fine-grained materials; and (3) variations in the physical properties of the sediment, particularly 

sediment water content and penetration resistance with depth (Van Metre et al., 2004). The total 

sample length, sediment thickness, and the pre-impoundment thickness were recorded.  Physical 

characteristics of the sediment core, including Munsell soil color, texture, relative water content, and 

presence of organic materials, were also recorded (Tables 1 and 2).  
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Table 1.  Sediment core sampling analysis data – Lake Olney 

Core Eastinga  
(ft) 

Northinga  
(ft) 

Total core 
sample/ 

post-
impoundment 

sediment 

Sediment core description Munsell soil 
color 

O-1 1881938.30 7204570.64 24.5”/15” 0-4.5” high water content, silty clay 
loam 7.5YR 4/3 

4.5-15” lower water content, very high 
density clay, some organic matter 
present, shells present 

7.5YR 4/3 

    15-24.5” lots of organic matter, high 
density, silty clay loam 7.5YR 3/2 

O-2 1881587.20 7204681.97 25”/N/A 0-6” high water content, layer was 
compacted when plunged, dry clumps of 
clay at 11.25”, 12.25”, and 15.5” 

7.5YR 4/4 

6-21” higher density, lower water 
content, organic matter present at 20-
21”, clay 

7.5YR 4/3 

    21-25” higher water content than 
previous layer, organic matter present, 
silty clay loam 

7.5YR 4/3 

O-3 1881685.55 7206157.81 71”/55.5” 0-8.5” fluff, super high water content, 
compression of core during plunging, 
layer left behind in tube 

7.5YR 4/6 

    8.5-55.5” very fine material, silty loam 7.5YR 4/4 
    55.5-71” higher density, lower water 

content, organics and roots present, silty 
clay loam 

7.5YR 3/2 

O-4 1882290.07 7207109.88 118.5”/N/A 0-40” compression during plunging, 
fluff, very high water content, sediment 
left in core tube 

7.5YR 4/6 

    40-94.25” high water content. Loam 7.5YR 4/4 
    94.25-118.5” slight change in density, 

clay loam 7.5YR 4/4 
a Coordinates are based on NAD83 State Plane Texas North Central System (feet)  
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Table 2.  Sediment core sampling analysis data – Lake Cooper 

Core Eastinga  
(ft) 

Northinga  
(ft) 

Total core 
sample/ 

post-
impoundment 

sediment 

Sediment core description Munsell soil 
color 

C-1 1881927.84 7208855.11 20”/N/A 0-4.5” high density, 1” rock, silty loam 7.5YR 4/2 
4.5-17.75” higher water content than 
upper and lower layers, less dense than 
upper layer, roots present, silty loam 

7.5YR 4/3 

    17.75-20” lower water content, higher 
density, roots present, silty clay loam 7.5YR 4/3 

C-2 1882279.08 7207946.51 25”/16” 0-3.5” fluff, very high water content, 
most left in tube during plunging 10YR 3/6 

    3.5-16” high water content, silty loam 10YR 3/3 
    16-25” organic matter and roots present, 

silty clay loam 7.5YR 4/2 

C-3 1881209.36 7209447.39 27.5”/20.25” 0-8.25” high water content, silty loam, 
pre-impoundment possible at 8.25” 10YR 4/4 

    8.25-20.25” organics present, clay loam, 
from 12-20.25” mixed with 5Y5/3 7.5YR 4/6 

    20.25-27.5” very dense, low water 
content, organics present, clay loam 7.5YR 4/6 

a Coordinates are based on NAD83 State Plane Texas North Central System (feet) 

A photograph of sediment core O-2 is shown in Figure 10 and is representative of the 

sediment cores sampled from Lake Olney. A photograph of sediment core C-1 is shown in Figure 11 

and is representative of the sediment cores sampled from Lake Cooper. The 208 kHz frequency 

measures the top layer as the current bottom surface of the reservoir. The base of the sample is 

denoted by the blue line in the Figures. The pre-impoundment boundaries, although not evident in the 

examples shown here, were identified by the change in soil color, texture, moisture, porosity, and 

structure. Identification of the pre-impoundment surface for the remaining sediment cores followed a 

similar procedure. 

 
Figure 10.     Sediment core O-2 from Lake Olney 
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Figure 11.     Sediment core C-1 from Lake Cooper 

Figures 12 through 15 illustrate how measurements from sediment core samples are used with 

sonar data to help identify the interface between the post- and pre-impoundment layers in the acoustic 

signal. Within DepthPic©, the current surface is automatically determined based on signal returns 

from the 208 kHz transducer and verified by TWDB staff, while the pre-impoundment surface must 

be determined visually. The pre-impoundment surface is first identified along cross-sections for 

which sediment core samples have been collected.  
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Survey results 

Volumetric survey 

The 2014 TWDB volumetric and sedimentation survey indicates that Lake Olney has a 

total reservoir capacity of 1,189 acre-feet and encompasses 158 acres at spillway elevation 

1,154.2 feet NAVD88 and that Lake Cooper has a total reservoir capacity of 3,357 acre-feet and 

encompasses 274 acres at spillway elevation 1,149.4 feet NAVD88.  Previous capacity estimates 

include a combined estimate for Lake Olney and Lake Cooper of 6,650 acre-feet (Biggs & Mathews, 

Inc., et. al., 2010), and 1978 estimates of 1,700 acre-feet for Lake Olney and 3,740 acre-feet for Lake 

Cooper (OWAC, 2013) (Table 3). According to Certificate of Adjudication No. 02-5146 the City of 

Olney is authorized to impound 2,150 acre-feet of water in Lake Olney and 4,500 acre-feet of water 

in Lake Cooper (TWC, 1987), a total of 6,650 acre-feet. Because of differences in past and present 

survey methodologies, direct comparison of volumetric surveys to estimate loss of capacity is 

difficult and can be unreliable.  

Table 3.  Current and previous survey capacity and surface area data 

Survey Surface area 
(acres) 

Total 
capacity 

(acre-feet) 
Survey Surface area 

(acres) 

Total 
capacity 

(acre-feet) 
Lake Olney originala 134 2,150 Lake Cooper originala N/A 4,500 

Lake Olney 1978b N/A 1,700 Lake Cooper 1978b N/A 3,740 
Lake Olney 2014 158 1,189 Lake Cooper 2014 274 3,357 

a Source: (TCEQ, 1998, TWC, 1987) 
b Source: (OWAC, 2013)  

Sedimentation survey 

Due to the low water levels during the time of the bathymetric survey, it was not possible to 

measure the complete pre-impoundment surface of the lakes. Although no sediment could be 

measured throughout the dry areas of the lakes, it is assumed sediment has been deposited throughout 

these areas, below and up to the spillway elevation. Assuming the thickness of the sediment becomes 

zero at the spillway elevation, pre-impoundment capacities were developed for Lake Olney and Lake 

Cooper by linearly interpolating the areas to spillway elevation and calculating the capacities using 

the equation described in the section titled “Area, volume, and contour calculation”. For Lake Olney 

the areas were interpolated from 1,140.9 feet and the value came from the table generated from the 

pre-impoundment surface TIN model where the pre-impoundment surface of the topographic survey 

points is equal to the current bottom surface. The area at 1,154.2 feet is the result of extrapolating the 

area curve of the current bottom surface; see Appendix B. The resulting pre-impoundment capacity 

estimate for Lake Olney is 1,619 acre-feet. For Lake Cooper the areas were interpolated from 1,122.0 
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feet and the resulting pre-impoundment capacity estimate is 4,000 acre-feet. Comparison of capacity 

estimates of Lake Olney and Lake Cooper derived using differing methodologies are provided in 

Tables 4 and 5, respectively, for sedimentation rate calculation.  We assume in our calculations that 

the previous capacity estimates correspond with the spillway elevations. 

Table 4.  Capacity loss comparisons for Lake Olney 

Survey Volume comparisons at spillway elevation  
1,154.2 feet (acre-feet) 

Pre-impoundment 
(acre-feet) 

Lake Olney Authorized 
1935 2,150 <> <> 

Lake Olney 1978 <> 1,700 <> 

Lake Olney 
TWDB pre-impoundment 

estimate 2014 
<> <> 1,619 

Lake Olney TWDB 2014 1,189 1,189 1,189 

Volume difference 
(acre-feet) 961 (44.7%) 511 (30.1%) 430 (26.6%) 

Number of years 79a 36 79a 
Capacity loss rate  
(acre-feet/year) 12 14 5 

Note: Lake Olney was completed in 1935 
a Number of years based on difference between 2014 survey date and completion date 

Table 5.  Capacity loss comparisons for Lake Cooper 

Survey Volume comparisons at spillway elevation 1,149.4 
feet (acre-feet) 

Pre-impoundment 
(acre-feet) 

Lake Cooper 
Authorized 1954 4,500 <> <> 

Lake Cooper 1978 <> 3,740 <> 

Lake Cooper 
TWDB pre-impoundment 

estimate 2014 
<> <> 4,000 

Lake Cooper 
TWDB 2014 3,357 3,357 3,357 

Volume difference 
(acre-feet) 1,143 (25.4%) 383 (10.2%) 643 (16.1%) 

Number of years 60a 36 60a 
Capacity loss rate 
 (acre-feet/year) 19 11 11 

Note: Lake Cooper was completed in 1954 
a Number of years based on difference between 2014 survey date and completion date  
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 Recommendations 

To improve estimates of sediment accumulation rates, TWDB recommends resurveying Lake 

Olney and Lake Cooper when both lakes are full or in flood stage, in approximately 10 years, or after 

a major flood event. To further improve estimates of sediment accumulation, TWDB recommends 

another sedimentation survey. A re-survey would allow a more accurate quantification of the average 

sediment accumulation rates for Lake Olney and Lake Cooper. 

 TWDB contact information 

More information about the Hydrographic Survey Program can be found at:  

http://www.twdb.texas.gov/surfacewater/surveys/index.asp 

Any questions regarding the TWDB Hydrographic Survey Program may be addressed to: 

Jason J. Kemp 
Team Lead, TWDB Hydrographic Survey Program 
Phone: (512) 463-2456 
Email: Jason.Kemp@twdb.texas.gov 

Or 

Ruben S. Solis, Ph.D., P.E. 
Director, Surface Water Resources Division 
Phone: (512) 936-0820 
Email: Ruben.Solis@twdb.texas.gov  
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ELEVATION 
(Feet) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1,139 0 0 0 0 0 0 0 0 0 0
1,140 0 0 0 0 0 0 0 0 0 0
1,141 0 0 0 1 2 3 4 6 8 10
1,142 12 15 18 21 25 28 32 35 39 43
1,143 47 52 56 60 65 69 74 79 84 90
1,144 95 101 107 112 118 124 130 136 143 149
1,145 156 162 169 176 183 190 197 204 212 219
1,146 227 235 243 251 259 268 276 285 293 302
1,147 310 319 328 337 346 356 365 374 384 394
1,148 403 413 423 433 443 453 463 474 484 494
1,149 505 516 526 537 548 559 571 582 593 605
1,150 616 628 639 651 663 675 687 700 712 724
1,151 737 749 762 775 788 801 814 827 841 854
1,152 867 881 895 908 922 936 950 964 979 993
1,153 1,007 1,022 1,037 1,051 1,066 1,081 1,096 1,112 1,127 1,142
1,154 1,158 1,173 1,189

Note: Volumes calculated from extrapolated areas above elevation 1,153.4 feet

ELEVATION INCREMENT IS ONE TENTH FOOT

Appendix A
LAKE OLNEY

RESERVOIR CAPACITY TABLE
TEXAS WATER DEVELOPMENT BOARD April 2014 Survey

CAPACITY IN ACRE-FEET Spillway Elevation 1,154.2 feet NAVD88




